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1. Introduction 

ABSTRACT 

A principal challenge of species conservation is to identify the specific habitats that are essential for long
tenn persistence or recovery of imperiled species. However. many commonly used approaches to identify 
important habitatS do not provide direct insight into the contribution of those habitatS to population per
sistence. To assess how habitatS contribute to overall population viability and characterize their relative 
importance. a spatially-explicit population viability model was used to integrate a species occurrence 
model with habitat quality and demographic infonnation to simulate the population dynamics of the 
Ord's kangaroo rat (Dipodomys ordii) in Alberta, Canada. Long-tenn productivity (births-deaths) in each 
patch was simulated and iterative patch removal experiments were conducted to generate estimates of 
the relative contribution of habitat types w overall population viability. Our resultS indicated that natural 
dune habitats are crucial for population viability. while disturbed/human-created habitats make a minor 
contribution to population persistence. The resultS also suggest that the habitats currently available to 
Ord's kangaroo rats in Alberta are unlikely to support long-term persistence. Our approach was useful 
for identifying habitats that did not contribute ro population viability. A large proportion of habitat 
(39%) represented sinks and their removal increased estimated population viability. The integration of 
population dynamics wim habitat quality and occurrence data can be invaluable when assessing critical 
habit,Jt, particularly in regions with variable habitat quality. Approaches that do not incorporate popula
tion dynamics may undennine conservation efforts by under- or over-estimating the value of habitats. 
erroneously protecting sink habitats. or failing to prioritize key source habitats. 

:!> 2010 Elsevier Ltd. All rights reserved. 

A principal challenge of species conservation is to idencify the 
specific habitats that are essential for long-term persistence or 
recovery of endangered species. Habitat destruction as a result of 
loss. degradation. and fragmentation often increases the heteroge
nei ty and complexity of landscapes. and complicates decisions as 
to which habitats should be protected or restored. Several ap
proaches for identifying important habita ts have been used. yet 
they often do not provide clear insight into the population viability 
consequences of protecting one habitat versus another. 

local resources (e.g. Boyce et aL, 2003; Carroll et aL, 2001: johnson 
et aL. 2004). However, there are several limitations of using species 
occurrence data and associated models for identifying essential 
habitats. Such approaches often assume that short-term data rep
resent the typical state of the population. which may be inappro
priate particularly if populations cycle or nuctuate stochastically 
through time (Armstrong. 2005: Garshelis, 2000). Patterns of 
occurrence. particularly abundance. may also be misleading indica
tors of local habitat productivity (Garshelis, 2000) and habitat 
quality (Battin, 2004; Van Horne. 1983). Aldridge and Boyce 
(2007) caution or a potential situation where habitat models iden
tify high levels of species occurrence within sink habitats. wherein 
mortality exceeds survival and/or reproductive rates (Pulliam, 
1988). In such cases. high species occurrence is sometimes inter
preted to mean 'important' habitat for the species. yet these habi
tats may not contribute to population persistence or may even 
jeopardize long-term population viability. 

Many studies have assessed habitat use by evaluating occur
rence data or associating the presence/abundance of a species with 
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The integration of population data. such as site-specific 
mortality or reproduction rates with occurrence models, provides 
a means of assessing relative habitat quality and refin ing habitat 
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conservation pnonues (e.g. Aldridge and Boyce. 2007; Falcucci 
et al., 2009: Nielsen et al.. 2006). Yet such approaches cannot di~ 
rectly link local habitat attributes or population performance with 
regional population viability and therefore do not necessarily iden
tify habitats that have key roles in population persistence. 

local population dynamics, productivity. and persistence may 
be influenced by patch quality and quantity (e.g. patch size), as 
well as the spatial effects resulting from patch shape. orientation. 
and isolation (Bowman et al., 2002: Fleishman et aL. 2002: Franken 
and Hik. 2004). Thus. in heterogeneous landscapes it is likely that 
individual habitat patches make unequal contributions to regional 
population persistence. Therefore, the process of assessing which 
habitats are biologically critical may require the integration of spe~ 
cies occurrence mapping. habitat quality studies. population stud~ 
ies. and spatially-explicit population viability analysis. 

We present a habitat- and demographic-based approach for 
identifying and prioritizing habitats that are essential for the per
sistence of populations. In this approach. habitat characteristics 
and population dynamics are integrated using population simula
tion, and the outcomes of the model are used to assess the contri
bution of individual or aggregate habitat patches to regional 
population persistence. This approach may be particularly useful 
when identifying important habitats for dynamic populations in 
heterogeneous landscapes. especially when habitat quality is vari-

Alberta 

!J Calgaty 

N 

able. The long-term importance of currently unoccupied habitat 
patches can also be assessed using a population viability modeling 
approach, allowing a more comprehensive landscape assessment 
than would be possible using demographic rates alone. Where 
long-term field data are lacking, simulations also allow the inves
tigation of the effects of environmental stochasticity or directional 
landscape change on cumulative patch occupancy and productiv
ity. We demonstrate this approach using the Ord's kangaroo rat 
as a case study. 

1.1. Case srudy 

The Ord's kangaroo rat (Dipodomys ordii) is the only species of 
kangaroo rat to occur within Canada and its distribution is limited 
to one small region (a cluster of active sand dune complexes) in 
south-eastern Alberta and south-western Saskatchewan (COSE
WlC, 2006). This is a disjunct population at the northernmost 
periphery of the species' range (Gummer. 1997; Kenny, 1989), iso
lated from the nearest conspecifics in Montana by a distance of 
approximately 270 km (COSEWIC, 2006). Small population size, 
geographic isolation, extreme fluctuations in population size. and 
rapid loss and degradation of natural habitat have led to the 
identification of this species as endangered in Canada (COSEWIC, 
2006). The majority (76%) of kangaroo rat habitats in Alberta are 
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Fig. 1. Known range of Ord's kangaroo rats in Alberta. Canada (adapted from Alberta Ord's Kangaroo Rat Recovery Team. 2005). 
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located within Canadian Forces Base (CFB) Suffield, primarily (68%) 
in the Suffield National Wildlife Area (SNWA). The range of the Al
berta population extends northward from CFB Suffield into sur
rounding agricultural lands which comprise 24% of kangaroo rat 
habitats in Alberta (Fig. 1; Alberta Ord's Kangaroo Rat Recovery 
Team, 2005; COSEWIC. 2006). 

The Ord's kangaroo rat has specific habitat requirements for 
open, sparsely vegetated, sandy habitats to support its burrowing 
and hopping style of locomotion (Armstrong. 1979; Bartholomew 
and Caswell, 1951; Gummer, 1999; Hallett, 1982; Kenny, 1989). 
In Canada, natural habitats consist of discrete sandy features such 
as actively eroding sand dunes or blowouts. Kangaroo rats also oc
cupy semi-stabilized or stabilized sand dunes where encroaching 
vegetation has limited the amount of open sand. However. in Can
ada the species has not been found in fully stabilized sand dune 
complexes (Kenny, 1989). To a lesser extent, kangaroo rats also in
habit exposed sandy soils not associated with sand dunes, often in 
areas where sand has been exposed by human activities (Gummer, 
1997. 1999; Kaufman and Kaufman. 1982; Nero and Fyfe, 1956; 
Smith and Hampson, 1969; Stangl et at., 1992 ). Such anthropogenic 
habitats include sandy roads, trails, plowed fireguards, bare ground 
associated with oil and gas fixtures, and the margins of cultivated 
agricultural lands (COSEWIC. 2006). These areas are subject to hu
man disturbances (e.g. traffic, grading), have higher rates of preda
tion risk and parasitism than natural sites, and are often dominated 
by invasive plant species that may alter the diet composition of 
kangaroo rats (COSEWIC, 2006). Road-side habitats are also charac
terized by greater soil compaction, colder burrow temperatures, 
and lower overwinter survival rates than active sand dunes 
(Teucher, 2007). 

Our case study is based on the Alberta population of the Ord's 
kangaroo rat for which we have approximately 15 years of recent 
population information. This population can be characterized as 
highly dynamic, experiencing substantial seasonal and inter-an
nual fluctuations (COSEWIC. 2006). Intra-annual population de
clines of an order of magnitude (i.e. ,.; 10% survival) during winter 
have been observed (Gummer, 1997; Gummer and Robertson. 
2003b; Kenny, 1989) and local extinctions in habitat patches 
(e.g., individual sand dunes or road segments) are common (Gum
mer and Robertson, 2003b; Kenny, 1989). Environmental fluctua
tions as well as high seasonal reproductive rates could lead to 
opportunistic increases in population density in marginal habitats, 
especially during the summer months when the environment be
comes temporarily favorable (Van Horne, 1983). Thus, local occur
rence or animal density may represent a poor indicator of the 
importance of occupied habitats to population persistence. 

Recent research examining habitat selection by kangaroo rats in 
Alberta (Bender et al., 2010) produced an occurrence-based model 
of habitat use. The model was based on 2 years of standardized 
population monitoring data (see Bender et al., 2007), a resource 
selection function {RSF) approach (Boyce and McDonald, 1999; 
Manly et al., 2002). and its main output was a predicted occurrence 
map. While the model was robust, highly selective, and performed 
well in validation tests, the majority of habitats identified by the 
model are anthropogenic habitat features (roads) where kangaroo 
rats are known to exhibit high mortality and low productivity. In 
contrast, natural features (active sand dunes) that represent more 
productive habitats comprised a relatively small proportion of the 
habitat predicted to have high occurrence. The researchers re
marked that it could not be used to directly assess critical habitat 
for the species as many locations with high probability of occur
rence were low quality habitats, possibly serving as population 
sinks (Bender et al., 2010). Here we demonstrate how a predicted 
occurrence model can be integrated with information on habitat 
quality and population dynamics to identify specific habitat com
ponents (e.g., map pixels or habitat patches) that are expected to 

contribute to the long-term productivity and persistence of a pop
ulation. For the purposes of assessing critical habitat from a biolog
ical perspective, such information should be more useful for 
evaluating and prioritizing habitat than simple maps that predict 
occurrence alone. 

2. Methods 

2. 1. Overview 

A spatially-explicit individual-based population model was 
used to link landscape structure from the habitat model with hab
itat quality and population dynamics. This approach provides a 
general method for identifying some of the biologically important 
elements of critical habitat such as individual or groups of breeding 
habitat patches that make a substantive contribution to long-term 
regional population persistence. Our use of the term critical habitat 
is consistent with its biological origins; however, this approach 
may also be useful for the identification of critical habitat within 
a legal context. for example under the Canadian Species At Risk 
Act or US Endangered Species Act. Our approach is based on knowl
edge of species-habitat relations (e.g .. from a resource selection 
model) and demographic information (e.g., fecundity and habitat
specific survival). The process is entirely spatially-explicit such 
that information about landscape composition and configuration. 
including effects of patch size, inter-patch distance, and barriers 
to movement. can be incorporated in the assessment. The out
comes of the process are spatially-explicit vital rates, namely the 
long-term productivity of habitats, which indicate the contribution 
of each unit of habitat within the model. Thus. a direct comparison 
of habitat units (e.g. patches) can be made for diagnostic purposes 
or to rank and prioritize habitats. Scenarios of landscape change, 
such as habitat patch removals or additions, can be used to further 
investigate the importance of habitats (e.g., to generalize about the 
contribution of specific habitat types). As the modeling process 
incorporates elements of population viability analysis to provide 
estimates of extinction risk for each modeling scenario, this ap
proach allows one to explore the implications of habitat modifica
tion and make inferences about the general roles of habitat types in 
affecting population persistence. We illustrate this approach and 
the useful information it generates in a case study of the Ord's kan
garoo rat in Alberta, Canada. 

2.2. Habitat model 

An RSF-based habitat-occurrence model was developed for the 
Ord's kangaroo rat in Alberta as part of the recovery planning pro
cess (Bender et al., 2010}. From this starting point, we sought to 
incorporate demographic information. such as fecundity and habi
tat-specific survival with the RSF-derived habitat map. A threshold 
probability of occurrence value representing 2/3 of the kangaroo 
rat occurrences (validated from an independent dataset collected 
in 2004-2005; Teucher, 2007) was used to classify the occurrence 
map into regions of either breeding habitat or non-habitat. Habitat 
was further classified into four types: active dune, semi-stabilized 
dune. road margins. or exposed sandy soils (generally the steep 
valley slopes of the South Saskatchewan River) using air photo 
interpretation and knowledge of features on the ground. The rela
tive quality of active dune and road-side habitat types was esti
mated using habitat-specific overwinter survival rates (derived 
from Teucher, 2007), while the quality of the semi-stabilized sand 
dunes and exposed soil habitats was inferred from distribution 
data and expert knowledge (R. Dzenkiw, Lead Surveyor for Alberta 
Long-term Population Monitoring Program). Values for relative 
habitat quality of the different habitat types are provided in Table 
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Table 1 
Broad habi!.lt types and their relative habitat quality values. 

Habit.lt type 

Active sand dune 
Semi-stable sand dune 
Road margins 
Exposed, sandy river valley slopes 

Quality value 

100 
60 
56 
30 

1. A range of semi-stabilized dune quality values was explored in a 
sensitivity analysis as a means of exploring the influence of param
eter uncertainty on model outcomes. Habitat fragments of similar 
quality (e.g. natural versus road) that were within 30m of each 
other were combined into one functional patch. resulting in 8413 
habitat patches. 

2.3. Population model 

The spatially-explicit population model HexSim (PATCH version 
1.3.6.9: Schumaker, 1998, 2008) was used to integrate the occur
rence model with kangaroo rat population dynamics and estimate 
long-term habitat productivity and population viability. HexSim is 
an individual-based model which simulates population dynamics 
through time, recording individual births, deaths, and reproduc
tion, as well as explicit movement paths throughout the landscape. 
The fate of individuals is determined by their location in the land
scape as we11 as their access to resources (the quantity and quality 
of habitat in their territory). Habitat quality pixel values from the 
habitat map (5 m2

) were generalized into a hexagonal grid 
(780m2) by HexSim. 

The population cycle implemented in HexSim simulated fe
males only and used discrete-time events. Fo11owing a winter sur
vival event, all individuals were transitioned to adult status and 
adjusted the bounds of their territories to include more or greater 
quality habitat if available. In the summer, three successive breed
ing, movement and survival events occurred. During each of the 
three summer intervals, kangaroo rats reproduced, the youngest 
stage class dispersed from their natal territory, mortality was im
posed. and boundaries of territories were adjusted (Fig. 2). 

Strong annual population fluctuations caused by environmental 
stochasticity were approximated using variation in overwinter sur
vival rates. Mark-recapture studies estimating overwinter survival 
rates in active dune habitat in favorable (Teucher. 2007) and harsh 
winters (Gummer, 1997) were used to estimate a normal distribu
tion of overwinter survival rates (mean of 0.48: standard deviation 
of 0.13). One hundred rates were selected at random from the dis
tribution and supplied to the population model. At the onset of 
each winter, an overwinter survival rate was selected at random 
(with replacement) and assigned to the population. 

Short gestation, lactation and maturation periods allow juve
niles to produce one or two litters during their first year (Day 
eta!., 1956: Duke, 1944; Gummer, 1997; jones, 1993; Smith and 
jorgensen, 1975). Reproduction was modeled as occurring in three 
distinct pulses wherein juveniles burn in the first two breeding 
pulses were able to mature and produce offspring in the subse
quent breeding period. Adult ( 1.46; 95% CL 1.44-1.48) and juve
nile-specific (1.14: 95% a 1.09-1.21) reproduction rates were 
estimated using a mean litter size of three (derived from counts 
of embryos and placental scars from .museum specimens: Gum mer, 
1997), the proportion of reproductively active females (adult 97%: 
95% Cl 96-98% and juveniles 76%; 95% Cl 71-81%) Gummer 
unpublished data), and assuming an equal sex ratio. Only individ
uals that held territories were able to reproduce. 

Kangaroo rats are solitary, territorial and defend burrows and 
food caches (Bartholomew and Caswell, 1951: Daly et a!., 1984: 

( Movement 
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Fig. 2. Kangaroo rat population cycle as implemented in HexSim. 

Eisenberg, 1963: Gamer. 1974). After birth, the youngest class of 
juveniles disperse in search of their own territories. The distribu
tion of dispersal distances for Alberta's kangaroo rats is highly 
skewed (median of 100m: Gummer, 1997) with a maximum of 
~8.5 km recorded for a single movement. Roads may facilitate kan
garoo rat movement (COSEWIC, 2006). Therefore, an intermediate 
level of autocorrelation in path direction was used to provide for
ward momentum and simulated individuals were given a slight 
preference to travel along roads or within habitat rather than 
through the matrix. Dispersal path lengths were assigned at ran
dom to individuals, drawn from a uniform distribution with a max
imum of 8.5 km. Individuals stopped before they reached their 
assigned path length if they came across one hexagon of marginal 
quality (e.g. road-side habitat) or better. Early stopping truncated 
movement distances and produced an overall simulated path 
length distribution that approximated that of the field data. Mech
anistic density dependence emerges as individuals spend more 
time searching for a territory during times of high population den
sity. Movement itself does not incur mortality; however, individu
als that require longer dispersal distances to find an unoccupied 
territory are less likely to acquire sufficient resources for survival. 

When individuals reached their maximum dispersal distance or 
came across suitable habitat, the immediate area (23,400 m2 repre
senting double the maximum possible territory size) was explored 
for prospective territories. The territory with the greatest resources 
WJS then occupied until death. Individuals had to establish a terri
tory that exceeded a minimum resource requirement ( 10% of the 
target resource level). If a suitable territory was not available, the 
individual continued searching during the next movement event. 
Territories had to meet or exceed the target resource requirement 
for the occupant to receive the maximum possible overwinter 
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survival rates. As high quality habitats contain the greatest density 
of resources. little area is required to meet the resource target and 
territory sizes can be comparatively small. The average home range 
of radio-collared kangaroo rats is 17SO ±620m2 (±1 SE: Gummer 
and Robertson, 2003a) in active dune habitats: this home range 
size was doubled to account for the space occupied by an equal 
number of males in the population. Thus, ideal territory sizes were 
at least 3SOO m2 (4.49 hexagons) in high quality habitat (100%). 
Individuals that occupied territories that met the threshold re
source target ( 4.49 hexagons* 100 quality score= 449). using up 
to a maximum of IS hexagons, received the maximum possible 
overwinter survival rates. As habitat quality decreases, territories 
must expand to include a greater amount of habitat with lower re
source density to reach the same target. Those unable to meet the 
resource threshold received penalized survival rates that declined 
linearly to zero as acquired resources declined from an optimal 
value. 

Summer survival rates were provided by Teucher (pers. comm.), 
based on unreported data from his 2007 study (0.80 for adults, 0.64 
for juveniles), and were applied to all individuals occupying terri
tories in each of the summer survival intervals. 

2.4. Simulations 

Habitat patches were predicted to differ both in their local pro
ductivity and contribution to regional population persistence. If so, 
these differences would provide the basis for the prioritization of 
habitats for conservation. In our simulations, the productivity of lo
cal populations (births-deaths) resulted from the interaction of 
individual behavior with patch characteristics including size, dis
tribution of quality. isolation. shape and orientation. As such, pro
ductivity provides a measure of the contribution of specific patches 
to regional population abundance. Long-term habitat productivity 
was calculated by subtracting the total number of deaths from 
births (and dividing by 100 simulation repetitions). Habitat 
patches with productivity scores greater than 0 (i.e. sources) were 
considered to be of greater conservation value than unproductive 
patches (i.e. sinks~ 

The relative contribution of habitat components to regional 
population persistence was assessed by simulating the risk of pop
ulation extinction under alternative habitat removal scenarios. Due 
to the large number of patches in the case study landscape. itera
tive removal of individual patches was not feasible. Instead, groups 
of habitat patches were iteratively removed based on their habitat 
quality classification or their productivity (sources versus sinks~ 
The latter quantified the impacts of local productivity on regional 
population viability. The relative contribution of habitat compo
nents to extinction risk was assessed by comparing the amount 
of habitat that was required to be removed for a 1% change in 
the probability of extinction (PE), or the proportion of simulations 
in which there were no females at some point in time. 

While many uses of population viability modeling are focused 
on predicting the future trajectory of a species. our approach is 
aimed at evaluating the relative potential of existing habitats to 
support persistence. Therefore, simulations were initialized with 
the landscape saturated with 2S,OOO randomly seeded females. Be
fore data were recorded, the population was allowed to stabilize 
(SO years) and approach a realistic population size of 2SO females 
in the early spring, pre-breeding census. As the demographic value 
of a habitat may only become clear in the long-term after being 
subject to environmental stresses (Garshelis, 2000: Pelton and 
Manen, I996), 100 years of data were simulated to estimate pro
ductivity and risk of extinction. Extinction risk simulations were 
replicated 1000 times, however the replication of habitat produc
tivity data was limited to 100 iterations due to computational 
constraints. 

We also sought to investigate whether sufficient habitat (of any 
quality) was available for the long-term persistence of the regional 
population. A range of population parameters (including dispersal 
distances, summer survival and reproduction rates) were evalu
ated in a sensitivity analysis to assess the reliability of conclusions 
generated from model outcomes. The sensitivity analysis also ex
plored a range of habitat quality values for secondary habitat types 
as a means of exploring the influence of parameter uncertainty on 
model outcomes. The population model did not include genetics, 
sex structure. or allee effects: therefore, predictions at low popula
tion sizes may be unreliable (Akcakaya, 2000: IUCN, 2008). To ac
count for this, extinction risk was also expressed as the probability 
of the regional population falling below the population size thresh
olds of SO and 2S female kangaroo rats at least once during the 
IOO year simulation (Akcakaya, 2000; Ginzburg et al., 1982). As lit
tle is known about kangaroo rat population dynamics at very small 
population sizes. several arbitrary extinction thresholds were 
examined a posteriori. The results of thresholds above SO females 
differed little from those at this threshold and were therefore ex
cluded from the analysis. Scenarios that resulted in a probability 
of extinction (PE) of >10% in 100 years (criteria for a risk status 
of near threatened; lUCN, 2008) and >20% probability of the popu
lation falling below SO or 2S females were deemed as unlikely to 
ensure long-term population persistence. 

3. Results 

3.1. Productivity 

Source habitats were generally found within the sand hills re
gions and consisted primarily of natural habitats (80%). Virtually 
all of the active dunes performed as highly productive sources 
and the largest dune in the study area was also the most produc
tive patch in the landscape (Fig. 3). Sink habitats were located 
throughout the range and consisted primarily of exposed soils 
(82% by area), as well as semi-stabilized dunes and road-side hab
itats. Exposed sandy soils accounted for all of the most severe sinks 
(productivity~ -100). As kangaroo rat habitat comprised only a 
small fraction of the study area ( <2%). the majority of the landscape 
remained unoccupied. 

32. Habitat removals 

In order to predict the relative contribution of habitat types to 
population persistence, all habitat patches of active dune, semi
stabilized dune, road-side habitats, as well as source and sink hab
itats were iteratively removed. Probability of extinction in the 
model was most sensitive to the removal of natural habitat (i.e. ac
tively eroding sand dunes) with the PE increasing by 1% for every 
1.7 ha removed (Table 2). The removal of comparatively larger 
areas (7.4 ha for semi-stabilized dunes and 1S.3 ha for road-side 
habitats) were required to achieve a similar I% increase in the 
probability of extinction. Extinction risk was relatively insensitive 
to the removal of exposed slopes, requiring approximately 37 
times the amount (63.7 ha) as actively eroding dunes to produce 
a 1% increase in the probability of extinction. A large proportion 
of habitat (39%) was comprised of sinks, and their removal reduced 
the risk of extinction from a baseline PE of 23.4% to 20.7%. 

3.3. Extinction risk and sensitivity analysis 

In the baseline landscape (i.e. no patch removals). extinction 
risk was high with a PE > I 0% and with the regional population size 
falling below SO and 2S females in 100% and 9S% of the simulations 
respectively (Fig. 4). The overall extinction risk outcomes were 
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Fig. 3. Pred1cted long-term productrvicy of local Ord's kangaroo rat populanons rn a sutsct of their range in Alben a. Canada. Source habitats appear in blue. while sink 
habitats appear in red. 

Table 2 

Habllat ryp~ and productivity removal scenarios: Predicted probabihcy of extinction 
(PE) and rela;ivc contribution to extmction risk. 

Removal scenario Area removed PE Hectares removed Rank 
(ha) for 1lr: A in PE 

Habitat rype 
Active dunes 683 403 1.7 
Semi-stabilized dunes 550.0 74.2 7.4 2 
Exposed soils 1750.4 27.5 63.7 6 
Roads/road-sides 424.1 27.8 153 3 

Productilliry 
Sinks 1097.9 20.7 51.8 5 
Sourres 1694.9 72.0 235 4 

largely insensitive to a range of population and habitat quality 
parameter variations. Extinction risk was most sensitive to de
creases in survival a nd reproductive rates. as measured by the 
absolute value change in PE/percenr change in the parame te r value 
(Table 3). Increases in viral rates were nor as influential; however. 
some scenarios resulted in probabili ties of extinction less than 1 0% 
although the probabilities of falli ng below 25 and SO females re
mained high (67.4-98.4%). Extinction risk was relatively insensi
t ive to changes in maximum dispersal distance. 

The model outcomes were relatively insensitive to changes in 
secondary and semi-stabilized sand dune quality wi th all scenarios 
resulting in extinction risk probabilities for thresholds of SO a nd 25 
females ranging between 88% and 100%. and probabilities of 
extinction exceeding l 0%. 
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f ig. 4. Cumulative nsk of popula tion decline to size thresholds or 0. <25. and <50 
fcm.11e Ord 's kangoroo rats for the baseline {pre-remova l) landscape. 

4. Discussion 

Our a pproach for integrating a habitat map (i.e. RSF-based 
occurrence model) with population dynamics proved effective for 
identi fy ing the rela tive contribution of each habitat rype to 
population viability, thereby providing a straightforvvard method 
for ranking and prioritizing habitats. Predictably, the results of 
habitat removal and productivity simulations suggest that the 
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Tab!~ 3 
Loa! sensitivity analysis of population and habitat quality parameters and resulting 
risk of the population dropping to size thresholds of <50. <25 and 0 females. 
Sensitivity was calculated as the absolute 1:'. PE/percent 1:'. in parameter value. 

Scenario Risk of decline to ·papulation size threshold (%) 

<50 <25 0 Females SensitiVity Rank 
Females ·Females (PE) 

Bueline scenario 99.8 94.9 23.4 

Summer survival 
-Ill% 100 99.9 92.0 6.86 2 
-5S 100 99.8 58.2 6.96 I 

+5" 98.3 83.9 8.6 2.96 4 
+10% 93.4 67.4 2.9 2.05 6 

Reproduction rates 
-10% 100 99.3 56.0 3.26 3 
-5% 100 98.5 37.8 2.88 5 

+5" 99.7 92.1 15.0 1.68 7 
+10% 98.4 85.8 8.7 1.47 9 

Max. disp=al disrana 
7km 99.8 96.3 25.8 0.13 15 

10km 99.7 95.1 23.1 0.02 16 

QuaHty of secondary habitot 
-Ill% 100 99.7 35.3 1.19 10 
-20% 100 100 ss.3 1.6 8 

Semi-stabilized dune quality 
40% 100 99.5 42.4 0.95 11 

~ 99.8 98.1 31.9 0.85 12 
70% 99.6 93.2 20.2 0.32 14 
80% 88.5 88.9 16.3 0.36 13 

highest quality habitats in our case study, natural sand dunes. pro
vide the greatest contribution towards long-term persistence and 
recovery of the Ord's kangaroo rat. In our model. the removal of ac
tive dunes produced the greatest effect on regional extinction risk. 
While these patches represented only a small fraction of the land
scape, they contained the most productive habitat patches in the 
landscape and appeared to drive the dynamics of this population. 
Semi-stabilized sand dunes are in close proximity to primary active 
dune habitat and may provide refuge for emigrants. This habitat 
type ranked second in its relative contribution to population per
sistence and included many highly productive areas. While the 
contribution of natural habitat types to persistence was predict
able at this coarse scale, the productivity of local habitat patches 
was less so. Semi-stabilized dune productivity was likely influ
enced by patch size. spatial effects, and population dynamics. 

Approaches to assessing important habitats often assume that 
all suitable habitat patches contribute to population persistence, 
particularly if habitat models are based solely on an occurrence 
model. In contrast, our model results indicate that not all patches 
and habitat types made substantive contributions to the persis
tence of our study species. Despite being a pervasive element in 
the landscape, the removal of exposed soil habitats had a minimal 
influence on extinction risk, and hence these habitats do not ap
pear to be essential for long-term kangaroo rat persistence. Our ap
proach also demonstrated that some habitats may actually be 
detrimental to persistence. While sink habitats may temporarily 
bolster the regional population size (Dias, 1996; Pulliam, 1988), 
the removal of all sink habitats from the kangaroo rat landscape 
improved overall population persistence. The correct identification 
of sink habitats is essential when identifying and protecting habi
tat, especially if field studies happen over a short period of time 
when the regional population size happens to be high and sink 
habitats are occupied. Approaches that fail to link demographic 
data or dynamics with habitat models may actually undermine 
conservation efforts by erroneously identifying sinks as important 
habitats for protection. 

The contribution of anthropogenic habitats to kangaroo rat via
bility has been contentious. In Alberta, kangaroo rats are com
monly found along road-sides, particularly during the late
summer population peak. However, road-side habitats are ex
pected to be low quality habitats that represent population sinks 
as they are associated with greater soil compaction, colder burrow 
temperatures, greater predation risk. inadequate forage, and lower 
rates of survival than natural habitats (COSEWIC, 2006; Teucher, 
2007). Overall, road margins made a minor contribution to popula
tion persistence and patches acted as both population sources and 
sinks. However, it is unclear why some roads are productive and 
others are not. In addition, the productivity of road-side habitats 
can be inconsistent. In our model, the relative quality among hab
itat types was parameterized using survival data from a year that 
was observed to have higher than average survival. Thus, it is pos
sible that the data is not representative of a typical year and may 
overestimate survival and the quality of secondary habitats, partic
ularly in anthropogenic habitats. In the sensitivity analysis, reduc
tions in secondary habitat quality by 20% resulted in many 
secondary habitat sources, including productive road-sides near 
high quality dunes, becoming sink habitats. This suggests that 
the productivity of road-side habitats is particularly variable and 
unpredictable. Further. these anthropogenic features may alter dis
persal patterns because of their linear and pervasive nature in the 
landscape. While some roads might actually be placed to connect 
naturally isolated active sand dunes and increase kangaroo rat dis
persal. it is unclear whether this benefit would outweigh the po
tential concerns associated with roads which include increased 
exposure to predators and parasites. Negative effects of roads 
might be espedally acute if roads are placed between patches of 
natural habitat. thereby intercepting animals that might have 
otherwise dispersed between natural habitat patches, placing 
them in much lower productivity habitat. More research may be 
required to elucidate these complex innuences. 

The use of a population viability framework provided a means 
to investigate whether sufficient habitat was available for the 
long-term persistence of the species. Other habitat-modeling ap
proaches. such as those based on occurrence models, are typically 
not capable of providing this assessment. However this question is 
at the heart of critical habitat identification, where the aim is to 
determine which habitats are required for the long-term persis
tence or recovery of a species. Frequent regional extinctions in 
our simulations suggest that insufficient habitat exists for the 
long-term persistence of the Ord's kangaroo rat. This conclusion 
was robust to a range of population and habitat quality parameter 
scenarios explored in the sensitivity analysis. Thus, not only is cur
rent habitat in Alberta likely to be insufficient to support the pop
ulation, the restoration of existing habitat is likely to be required. 
Another key advantage of our approach is that it can be used to 
identify the most valuable areas to undertake habitat restoration. 
Patches can be identified based on their size, location, occupancy, 
or productivity. The effect of restoration to larger or higher quality 
habitats can be compared by assessing population viability in the 
alternative restored landscapes. In our case study, semi-stabilized 
dunes made the second greatest contribution to population persis
tence. Thus, re-activation of stabilized dunes to actively-eroding 
habitats may be an effective means of improving population viabil
ity, although additional habitat alteration scenarios are needed to 
determine the most valuable restoration sites. Habitat removal 
experiments can also provide general insight into the potential 
efficacy of removing versus adding habitat. For example, a similar 
increase in kangaroo rat persistence may be attained by adding 
source habitat as by removing twice as much sink habitat. While 
the focus of this habitat assessment approach was to identify the 
productive breeding habitats that contribute to long-term popula
tion persistence, the realized contribution of a particular habitat 
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patch through time will depend on future changes to both the hab
itat and non-habitat components of the landscape. Destruction or 
degradation of habitat patches, changes to the structure or compo
sition of the intervening matrix, orthe introduction of disturbances 
can reduce the performance of habitats. For example, the disrup
tion of dispersal corridors among highly productive habitats, intro
duction of movement barriers, or increased hostility of the matrix 
may affect dispersal success, patch occupancy rates, productivity 
and ultimately population viability. Therefore, the assessment of 
critical habitats for species at risk should also consider the identi
fication and protection of non-habitat components of the land
scape (e.g. dispersal corridors, disturbance-free buffer zones, etc,) 
upon which the success of essential habitats rely. 

5. Conclusions 

In summary, our approach to assessing critical habitat provided 
several advantages for identifying and prioritizing habitats for con
servation. The use of spatially-explicit population viability model
ing, combined with habitat removal experiments provided a direct 
link between habitat components and their predicted influence on 
regional population persistence. Local productivity also provided a 
fine-scale estimate of the contribution of habitat patches to persis
tence and another means of prioritizing habitats for conservation. 
Using this approach, we were able to investigate whether sufficient 
habitat existed for long-term persistence, and identify sinks that 
may be detrimental to population persistence. Approaches to 
assessing critical habitats that rely on short-term occupancy pat
terns and do not consider long-term population dynamics may 
undermine conservation efforts by under- or over-estimating the 
value of habitat patches. Further, approaches that do not distin
guish between occurrence and productivity may erroneously in
clude sink habitats (particularly if habitat is limited or degraded) 
or fail to prioritize key source habitats, which may undermine 
the conservation efforts. Where possible, assessments of critical 
habitat components should be based upon habitat-specific demo
graphic information and population dynamics. particularly in re
gions of variable habitat quality or for species that may exhibit 
source-sink dynamics. 
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